Congestive heart failure has for many years been considered to be a possible complication of myxedema and, although heart disease of other etiologies has been described in patients with hypothyroidism, myxedematous involvement of the myocardium has sometimes been assumed to be a cause of congestive heart failure (1-4). More commonly the term "myxedema heart" is used with the connotation of actual or potential myocardial malfunction associated with the myxedematous state (5) (6) (7) (8) (9) (10) . Postmortem studies have demonstrated that hydropic vacuolization of the myocardium may occasionally be found in the rare patient who succumbs with myxedema (11) (12) (13) (14) , but clinical data which support the concept of involvement of the heart to the extent of impairing cardiac function are not conclusive. Indeed, the improvement in cardiac decompensation which commonly occurs when a patient with severe heart failure is rendered hypothyroid is well documented (15, 16) . Physiologic studies in patients with hypothyroidsm have established that the cardiac output is low and that the circulation time is often moderately prolonged. In the majority of patients studied the reduction in cardiac output has been found to be proportional to the decreased oxygen consumption with the arteriovenous difference normal; other investigators have noted a somewhat greater reduction in cardiac output than in oxygen consumption with a somewhat increased arteriovenous difference (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . Pressures within the heart and the pulmonary and systemic 1 Nebraska. circulations have been found to be within normal limits (22, 26) . These data obtained in resting patients suggest that although the cardiac output is low in hypothyroidism it is adequate in the presence of decreased circulatory load. Since symptoms and hemodynamic abnormalities frequently occur only during exercise in patients with marginal cardiac compensation, the finding of normal values at rest in patients with hypothyroidism does not necessarily exclude impaired myocardial reserve. Normal circulatory responses to exercise were noted in two patients studied by Ellis, Mebane, Maresh, Hultgren, and Bloomfield (22). In the present paper we are reporting a correlation of the clinical syndrome of hypothyroidism with physiologic data obtained at rest and during exercise in twelve patients studied as part of an investigation of the relationship of various types of clinical heart disease and congestive failure to hemodynamic changes. These patients will be compared with healthy subjects and with patients who were in congestive heart failure from ultimately fatal myocardial disease (30) .
MATERIAL AND METHODS
Twelve patients with hypothyroidism have been studied whose ages ranged from 17 to 59 years; 10 were over 40 and 4 over 50. All had had symptoms of hypothyroidism for over one year. Dry skin and hair, puffiness of the face and other signs of myxedema were present in each at the time of study. Confirmatory laboratory data are shown in Table I The studies were performed in an air-conditioned room on patients in the postabsorptive state, usually after a sedative dose of sodium allyl barbiturate. Cardiac catheterization was performed in the usual manner after insertion of a Cournand needle into a brachial artery. Simultaneous venous blood samples from the pulmonary artery (nine patients) or right atrium (three patients) and arterial samples were collected anaerobically together with expired air samples in Douglas bags at rest and during the fourth minute of exercise on a stationary bicycle with the patient in the supine position. Arterial and venous oxygen contents and arterial oxygen capacity were determined by the method of Van Slyke and Neill (31) . Oxygen and carbon dioxide concentrations in expired air were measured either by the microScholander technique (32) or by the use of a Pauling oxygen analyzer and Haldane manometric apparatus. Intravascular pressures were recorded from strain gauges placed 10 cm. above the level of the patient's back, and mean pressures were obtained by planimetry.
I"31 was used for determination of blood volume. Body surface area was determined on the basis of height and weight at the time of study in all patients.
RESULTS
The hemodynamic data together with the hemoglobin and metabolic rate at the time of study and the serum cholesterol or I131 uptake of each patient are presented in Table I . The mean data and standard errors obtained in five healthy subjects are tabulated at the bottom of each column together with the probability of the observed differences between the hypothyroid patients and healthy subjects being attributable to chance.
Cardiac output index
The resting cardiac index of each patient was considerably below normal without apparent relationship to the hemoglobin level, heart size or presence or absence of pericardial effusion, and the difference of the mean of 1.88 + S. D. 0.8 L. per minute per M.2 from the normal was highly significant. During exercise, an increase in cardiac output occurred in all patients; in two, E. D. with rheumatic heart disease and E. L. who clinically presented the most severe hypothyroidism in this group of patients, the increase was slight. The mean increase in output for the entire group to 3.05 ± S. D. 0.77 L. per minute per M.2 (+62 per cent) was highly significant and represents a greater proportional increase than has usually been observed in healthy persons performing the exercise test (+51 per cent).
Cardiac output:oxygen consumption ratio
The ratio of cardiac output to oxygen consumption (the reciprocal of the arteriovenous difference) in the hypothyroid patients was not significantly different from normal either at rest or exercise although it was below the normal range for our laboratory of 2.32 4 S. D. 0.13 in four patients. These relationships are plotted in Figure  1 together with the regression line of these data measured at rest. The cardiac output at rest in these patients with myxedema was directly related to the level of oxygen consumption (r = 0.71, p < 0.01). The ratio of the increase in cardiac output to the increase in oxygen consumption during exercise appears in Table I and is represented by the slope of the lines connecting the rest and exercise data for each patient in the figure. With one exception, E. D. with mitral stenosis and insufficiency, this ratio was as great or greater than that usually found in healthy persons (33) .
Stroke volume index and heart rate The considerable decrease in basal cardiac output in these patients was primarily attributable to 503 Pulmonary artery pressure In the nine patients in whom measurements were obtained, the mean pulmonary arterial pressures were normal at rest; the mean pressure was under 10 mm. Hg in three patients with normal size of the cardiac silhouette and 15 mm. to 23 mm. in six patients with enlarged cardiac silhouettes. During exercise the mean pulmonary pressure rose to less than 15 mm. Hg in the first three patients; in three of the patients with enlarged heart shadows (A. R., I. C., and E. D.) slight pulmonary hypertension developed, and in the other three patients with enlarged cardiac silhouettes, including two with pericardial effusion (E. C., R. C., and E. L.) the pulmonary pressure rose to upper normal limits. The means for the group did not differ significantly from the normal either at rest or during exercise.
Systemic arterial pressure
The mean brachial arterial pressures at rest in these patients were normal to high with definite hypertension present in one (E. C.). The mean for the group did not differ significantly from the normal. During exercise the systolic pressure rose in all patients who increased their cardiac outputs significantly and diastolic pressures rose in six, fell in two, and did not change in the two without significant increase in output. The slight increase in mean pressure for the group was significant.
Total pulmonary resistance
The calculated total pulmonary resistance was normal in the patients with normal heart size and increased in the patients with enlarged heart contours. Again the group mean did not differ significantly from normal. There was either no change or a decrease in pulmonary resistance during exercise in all patients.
Total systemic resistance
For the group, a significant increase in calculated total systemic resistance over the normal was found at rest and at exercise. A significant decrease in resistance occurred with exercise.
DISCUSSION
Our primary interest in studying patients with hypothyroidism was to aissess the circulatory dynamics in a disorder in which some of the symptoms and signs have been ascribed to congestive heart failure and in which the cardiac output is known to be at levels commonly associated with congestive failure. Observations concerning some of the physiologic changes accompanying hypometabolism have been presented and compared with normal. The present discussion will concern a comparison of the clinical and hemodynamic data in the patients with hypothyroidism with those observed in patients with typical congestive heart failure from ultimately fatal myocardial disease.
Clinically each of our patients with marked hypothyroidism presented the picture of myxedema. In several instances moderate pitting of the lower extremities was present in addition to the typical brawny edema. In contrast to patients with congestive failure, however, the edema was not progressively more severe, was not notably related to posture and always included the periorbital region. Nocturia associated with amelioration or disappearance of edema so frequent in the edematous cardiac was not noted in these patients. Although exertional breathlessness was a frequent complaint, this was not relentlessly progressive and commonly was overshadowed by exertional fatigue. In sharp contrast to most of the patients with congestive failure, orthopnea did not occur in these patients.
Enlargement of the cardiac silhouette was present on examination in two-thirds of the patients. Roentgenographic examination disclosed presumptive evidence of pericardial effusion in three of these eight patients and right ventricular pressure contours, although obtained in only three of the other five, suggested the possibility of some limitation of diastolic filling. These data are consonant with the suggestion that the cardiac enlargement so common in hypothyroidism is frequently due to pericardial effusion (34) (35) (36) (37) (38) (39) and is not a sign of cardiac dilatation. The arm to tongue circulation times in these patients were in the upper normal to slightly prolonged range (15 to 25 seconds) and blood volumes were normal to low in the five patients in whom this determination was made. These observations are consonant with the numerous data contained in other reports of patients with hypothyroidism (19, (40) (41) (42) and differ from the considerably prolonged circulation times and increased blood volumes commonly found in patients with chronic congestive heart failure (43, 44) . On the basis of the clinical evaluation of these patients it was felt, therefore, that in no instance could a definitive diagnosis of congestive heart failure be made.
The physiologic data obtained in these patients with myxedema differ in significant detail from those obtained in the patients with chronic congestive failure on the basis of myocardial disease as shown in Table II . At rest their cardiac outputs, although reduced to the level commonly found in the patients with "low output" congestive failure, were linearly related to the decreased oxygen consumption. The ratio of cardiac ouput to oxygen consumption did not differ from the healthy subjects. In the patients with myocardial disease and congestive failure the oxygen consumptions at rest and the basal metabolic rates were normal to somewhat elevated and hence the cardiac output was significantly lower with respect to the level of oxygen consumption than in either the patients with myxedema or healthy persons. This is reflected in the significantly higher arteriovenous difference and ratio of car-diac output to oxygen consumption. Their stroke volumes were markedly reduced and heart rates were elevated in contrast to the patients with myxedema.
The response of the cardiac output to exercise observed in these patients with hypothyroidism was first of all qualitatively the same as that observed in healthy persons. Furthermore, although the increase in oxygen consumption during exercise was greater than usually noted in healthy persons under similar conditions, the ratio of increase in cardiac output to increase in oxygen consumption (Table I) was considerably greater than the minimum of approximately 650 ml. generally considered to be the normal response (33) . Although the arteriovenous differences observed during exercise were higher than usually observed in healthy persons, the differences were not significant nor were the ratios of cardiac output to oxygen consumption during exercise different from those observed in the normal subjects. By contrast, in the patients with myocardial disease and congestive failure, the cardiac output either did not increase significantly or actually decreased during exercise. Any increase was due to tachycardia since stroke volume index remained unchanged. Since oxygen consumption showed the expected increase the arteriovenous differences became even more abnormal. The arteriovenous difference during exercise was greater in every patient in failure than the maximum value of 8.38 volumes per cent (A. R.) noted in the patients with hypothyroidism.
The reduced cardiac output in the patients with hypothyroidism was associated with normal to slightly elevated pressures in the right atrium, pulmonary artery, and brachial artery and with considerably increased calculated total systemic resistance. During exercise, despite a significant increase in both brachial and pulmonary arterial pressure, a marked drop in calculated systemic resistance and no change in pulmonary resistance occurred, as is usually observed in normal persons. In the patients with congestive failure, on the other hand, the elevated atrial pressures became significantly more abnormal despite the failure of cardiac output to increase, and calculated systemic resistance did not decrease. Pulmonary arterial pressures and calculated total pulmonary resistances in patients with congestive failure are high at rest and become more abnormal during exercise (45) (46) (47) . It is suggested that in hypometabolism the somewhat higher than expected right atrial, right ventricular end diastolic and pulmonary arterial mean pressures, and the presence of diastolic dips on the right ventricular pressure tracings found in patients with enlarged cardiac silhouettes may well reflect the effects of pericardial effusion and not the presence of myocardial failure.
Patient E. D., a 41 year old woman, is of particular importance. She had rheumatic heart disease with the physical findings of mitral insufficiency and stenosis. She had been in typical congestive heart failure three years prior to study and required digitalis and diuretic therapy. One and a half years prior to study she had discontinued medication without return of symptoms. At about this time myxedema became evident clinically. On examination, despite the evidence of rheumatic heart disease with left and right ventricular and left atrial enlargement confirmed at fluoroscopy, she presented no evidence of congestive failure. Her physiologic studies at rest did not differ from the other patients. During exercise, however, her cardiac output rose only 462 ml. per 100 ml. increase in oxygen consumption, a value lower than in any other patient. This finding, which is suggestive of a decreased myocardial reserve, together with the history and other clinical data, suggests that her myocardial reserve was perhaps adequate for the reduced metabolic load of hypothyroidism but had not been adequate for that of her previous euthyroid state.
The hemodynamic data obtained in these twelve patients with hypothyroidism corroborate the clinical decision that congestive heart failure was not present and strongly suggest that, with the possible exception of the patient with overt rheumatic heart disease, no significant myocardial impairment was present.
A review of other clinical (1-4, 6, 10) and physiologic (22) 2. In the hypothyroid patients the low cardiac outputs increased and the elevated systemic resistances decreased normally with exercise in contrast to the patients with congestive failure.
3. The mean arteriovenous oxygen difference in the patients with myxedema was not significantly different from that found in the healthy subjects at rest or during exercise. In the patients with congestive heart failure, abnormally widened arteriovenous differences became yet more abnormal during exercise.
4. In view of the normal responses of cardiac output and arteriovenous differences to exercise in the patients with myxedema, the finding of slightly elevated mean pressures in the right atria and pulmonary arteries, end diastolic right ventricular pressures, and diastolic dips in the right ventricular pressure curves in the patients with myxedema with enlarged cardiac silhouettes suggested the possibility of pericardial effusion rather than cardiac dilatation as a cause of the enlarged cardiac contour.
